© 



© 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



0 Publication number: 



0 359 873 

A1 



EUROPEAN PATENT APPLICATION 



© Application number: 88308667.0 
© Date of filing: 19.09.88 



© mt. Ci.* A61K 37/54 , //(A61 K37/54 r 
31:43) 



© Date of publication of application: 
28.03.90 Bulletin 90/13 

© Designated Contracting States: 

AT BE CH DE ES FR GB GR IT LI L 




© Applicant: THE PUBLIC HEALTH RESEARCH 
INSTITUTE OF THE CITY OF NEW YORK 
455 First Avenue 
New York, NY 10016(US) 



© Inventor: Blackburn, Peter 
426 W. 44th Street 
New York NY 10036(US) 
Inventor. Pollack, June 
57 Montague Street 
Brooklyn NY 11 201 (US) 

© Representative. Lucas, Brian Ronald et al 
Lucas, George & Co. 135 Westhall Road 
Warllngham Surrey CR3 9HJ(GB) 



© Method of treating mastitis and other staphylococcal infections. 

© Lysostaphin is used to eliminate and cure staph yjxoecj. ^^^^l^^Z 
^ramammary infusion. Administration of from 2 mg to 400 mg °* 2^'" „ not observed . Teat-dips 
g and eliminates staphylococci, and the reoccurrence commor , wth enhancement of 

Containing lysostaphin. mutanolysin and lysozyme can be ^^°^^ZZL is included in t h- 



the killing effect of lysostaphin is observed when a mild surfactant or penicillin or both ,s 

formulation. 



Fig 1: 



High Performance Liquid Chromatography of Lysostaphin 
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METHOD OF TREATING MAST.TIS AND OTHER STAPHYLOCOCCAL INFECTIONS 

, ^ ,o the treatment and prevention of staphylococcal infection and. more particularly . 

This invention relates to the treatment a v , t , nnv | OC occal bovine mastitis, 
but not exclus,ve.y. to the treatment Prevent.on^o staphy oo cc I bo cus orjginally 

Lysostaphin i, a bactenocm secreted by a s ingle known , a ^-^^r fRTpSduction of 
.so.a.ed and named Staphylococcus ^^L ?J«a»W in U.S. Patent No. 3.278.378 issued 
lysostaohm by S. staphylomas has been 0 Sciences. Vol. 51. pp. 414-421 (1964). 

October 11. 1966" and in Proceedings ? *;, N J^ iysostaphm was recently ident,fied 

The single organ.sm S_ ^^1^ ^ R ,^ L ^Ifsf^ Bacte^l-. Vol. 32. pp. 170-174 (1982). Since the 

^Tgs^Z™^^*^ Names ' the or9anism produc,ng ,y 

example, lysostaphin .yses and kills pract.a V k now ^«jhyjcocc sfmulans (NRRL B-2628) grown 
bacteria of all other genera. ^.taP*^ thel^cine cross-links of the 

according to published "^^.^J^^^ addition, cultures that produce lysostaphin appear 

^T^zr^^"^^ — - iysos,aphin producin9 condit,ons are 

~t£ou. studies have shown that I^P^ ^SSS^™* 
simu.ans is grown in .iquid -Itur. Such e ™ 

3 278.378 issued October 11, 1966. and in Procee ° m ^ ivsostaphin by fermentation techn.ques have 
4,4-421 (1964). Various August 20. 1968. and 3.594 284^ 

alS o been made as documented n U.S. Patents nos [q Me medium and ,noculat.on 

issued July 20. 1971. The latter wo re e *«to.« £P ^ fee accelerated and improved, 

techniques whereby the prod uct.on of th as an inac ,ive precursor. The proenzyme 

Lysostaphin is produced by S. SS^^^^^by stationary phase cultures of S_ simulans. 
is converted to active mature enzyme by protease P rod ^f y micr00 anisms . including strains of E. coh. 

,n addition, lysostaphin can be produced by l^°^^l eoe \ contras t to the natural production. 
Bacillus subti.is and B^sph^^ of recombinant lysostaphin 

, gar^w; - * - * ~° ccai — ,c 

C °rrmast,tis is a cost.y problem <o 

s 9 ru^.e^ « — — the death of the 

5 Ostitis is caused by infection of the 

es: —^^^^ - co — ' antibiotic therapy - 

Staphylococcal mastitis has. however, proven more d cult to cure- ^ teal . dipping with . 

Traditional prevention of bovine mastitis ^ZTc^cZ ^ America Large Animal Practice 269 
disinfectant so.ution. (See, J. S. McDonald. 1^^^^^ »otOW/ must be 

(1984)) and may. in some cases. ^.^^^^ZJ^^t strains . when infection does 
approached with caution, however, to™"™™"^^^^ therapy of this kind can reduce the 

. SoH"^^ *" " ^ 10 C0mP,6te ~ n ° 

infections to recur and become Smlln viable in the mammary gland within 

treating mastitis is that a sign.f.cant nurnbe r of ^f/'J^" J be iieved that the staphylococci withm the 
50 phagocytic oo.ymorphonuo.ear neutroph i ' '^V*» M - be ^ ^ )eukocyte ^ 

PMN are protected from the effects of the *nt.b.o c. a ^ . produci ng staphylococcal regrowth. 
phagocytized staphylococci may provide ^^^^^^q^ staphy.ococci in mastitis 
Studies on the possible mechanism ^^J"^", 0 C £JU for destroying phagocytic 
S^oTc^ W^r^-SS -7 (1980, Craven et a, 21 _b. 
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*u ~ eiQ mqapv Craven et al 5 Comp. Immun. Micr obial. Infect. Ois. 447 (1982)) 

*e£ S c ffff£% oat , 984,. ^i5sa««w5a^«r-- 5 *» 

Med_62 (1968). therapeutic agent for treatment of chronic nasal 

— man lysostaphm has also b een used " * ^J, u 9 ^ (1971)) . ln one c .» of . res.st.nt 
staphylococcal infections (Qu.ckel. Jr. et al.. 22 Ag « °° y intelligence 239 

staphylococcal infection, , f ^ ra fe n-fy 

SnLn^r^ ^^Hon of lysostaphin. Lysostaphin was considered to be too 
hSJJ immunooenlc to have genera, use for anything but topical apphctton.. 
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lt has now been found that .ysostaphin can be usee .with ™ ^^3°^^ 

staphylococcal mastitis, even in it. chrome ^J^^^^^Z. ^ostaphin can be 
prophylactic, lysostaphin can * ,,n ^ ^J^^ 9 agents such as 

used a.one but preferably. < he Jf < f^^^ 

mutanolysin. a bactenocn produced ^3^^--^ backbone of the peptidoglycan in 
and lysozyme, a muralyt.c enzyme which hydro yze ^ e P 0lySaCC J mu|ation may als0 cont ain a chelating 
the cell wa,.s of Gram ^^J^^T^ a mi! " Sctant Jhich has been found to 
agent such as ethylenediam.ne tetraacetate ^u.«, inter alia esters of polyoxyethylene 

potentiate the killing of the bacteria. Suitable m,.d ^^IZTei^ T^torS series), n-OctyM-D- 
sorbitan and fatty acids (Tween series), octylphenoxy P^^xy SS^™o.ide. n-Dodecyl-H-O- 
g,ucopyranoside, n-OctyM-D-thiog.ucopyranos.de ° ^"leendes, monog.ycerides, 

glucopyranoside, and biologically occurnng surfactants, e.g., fatty ac.ds. giy 

deoxycholate and esters of deoxycholate. w ar ious components of the teat dip 

,n addition to the prophylactic use of the broad-spec trum teat , d 'P- f ^° lysostaphin al0 ne or 

can be infused into the infected udder to eliminate ^^^^^^^! n more than 1000 
with a mild surfactant which surprisingly potentiates ^ f ^^^^ s Zrgi such that a 1000 fold 

ZTo in^e peLwn. or a mild surfactant, or without a *>^«£ 

zzttzxzzz s ff^r 5 * can ~ d (as 3 resu,t 

of its synergistically enhanced activity) by as much as 1 000- fold. administration to 

Synergistic bactericidal activity of lysostaph.n and penic.lhn was J*»™^° ve ar P Q usually resist ant to 
penicLase-positive S. aureus and methicillin-resistant S_ aureus ( M * S * \f J* ™ to ki „. The 

multiple antibiotics and IriTarticularly problematic : espe ,a l y n humans, as we a ^ ^ MRSA 
, yS ostaphin,penicillin combinations would be .nd.cated for us Mn spec, .c |K an£j 

r^ri c r~ as an agent a9ainst 

mastitis treatment, the enhanced ^^^J^^X contamination. Thus, the formula- 

1: c r - into — dressings and 
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medications disinfectant scrubs, wipes or lotions, or m surgical implants. The formulations might also be 
used for clean.ng of medical instruments, and of floors, walls, bedding and the like in circumstances where 
environmental disinfection is desired. Other potential uses include use as a nasal infusion to reduce intra- 
nasal carriage of staphylococci, and food related uses such as treatment of meat. eggs, cheese and fish or 
5 food packaging and handling equipment. 

According to another aspect of the invention there is provided a method of treating staphylococcal 
mastitis comprising administering to an infected gland by intermammary infusion a therapeutic agent 
comprising lysostaphin in an acceptable carrier in an amount effective to eliminate the staphylococcal 

mastitis. . , 

,-o Preferably from 2 mg to 400 mg of lysostaphin is administered to a oov.ne mammary gland. 

Advantageously, the lysostaphin is produced by Bacillus sphaericus transformants containing a recom- 
binant plasmid which codes for lysostaphin. ., „ 
Preferably the lysostaphin is produced by a transformant microorganism containing plasmid pBCi6-lL. 
Advantageously, the therapeutic agent further comprises a mild surfactant m an amount effective to 
is potentiate the therapeutic effect of the lysostaphin. ^ ^ . • „ , 
Preferably, the therapeutic agent further comprises at least one agent which potentiates the bactericidal 
activity of lysostaphin selected from the group consisting of penicillin, synthetic penicillins, cell wall-active 
antibiotics, chelating agents and mild surfactants in an amount effective to synergistically enhance the 

therapeutic effect of the lysostaphin. ««^ tiw - t „ 

Advantageously, the therapeutic agent further comprises a mild surfactant in an amount effective to 
potentiate the therapeutic effect of the lysostaphin. 

Preferably the therapeutic agent further comprises at least one additional bacteriolytic agent. 
Advantageously, the additional bacteriolytic agent is selected from the group consisting of mutanolys.n 

an<j The 0 p y resent invention also provides a method for preventing bovine mastitis comprising dipping teats in 
a solution comprising about 0.01 ug/ml to 10.0 ug/ml lysostaphin in a suitable carrier, the d.pp.ng being 
done before and after each milking. „ n , m . tftn 

Preferably, said method comprises dipping teats in a solution comprising about 0.01 ug-ml to 10.0 
ug/ml lysostaphin in a suitable carrier, the dipping being done before or after each milking. 
30 Advantageously, the solution further comprises mutanolysin and lysozyme. 

Preferably, the lysostaphin is produced by transformant Bacillus sphaericus containing a recombinant 
plasmid which codes for lysostaphin. 00 -ie 
Advantageously, the transformant Bacillus sphaericus contains plasmid P BC16-1L. 
Preferably, the solution further comprises mutanolysin and lysozyme. 
3S Advantageously, the lysostaphin is produced by transformant Bacillus sphaericus containing a recom- 
binant plasmid which codes for lysostaphin. 

Preferably, the transformant Bacillus sphaericus contains plasmid pBC!6-1L. 
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Figure 1 shows a chromatogram of lysostaphin produced by transformant B. sphaericus strain 00 
containing the recombinant plasmid P BC16-1 L which codes for lysostaphin. 

DETAILED DESCRIPTION OF THE INVENTION 

Lysostaphin for use according to the claimed invention can be obtained from either natural or 
recombinant sources. Preferably, the .ysostaphin is obtained from Bacillus sphaericus strain 00 con taining a 
recombinant plasmid which directs the synthesis of lysostaphin, as th.s Prides for J™** 
lysostaphin production substantially free from staphylococcal immunogenic con am '" an ^ and 
lysostaphin purification since the lysostaphin accumulates directly m the growth med.um_Baanus 
sphaericus transformants containing the piasmid P BC16-1L have been found to be , particu arly «-*te^'« 
purpose, a lthough other strains are also useful as a source of lysostaphin One metho ^ f or obtauung 
'ysostaphin fron? microorganisms transformed by recombinant plasmids containing the gene wh£ code 
for lysostaphin is fully disclosed in U.S. patent application 034,464. filed April 10, 1987 which is a 
continuatn- in-part of U.S. application 852.407. Both applications are incorporated herein by reference. 
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Method of Treatment 



< ^ armrrtina to the invention involve the use of lysostaphin- 

Prophylactic treatments for »«v.ne mastO » ^'^^.^ prevention of bovme mast.tis when 
conta.ri.ng teat dips. Lysostaph.n-conta.n ng teat f^^"™*™^ is used {or a „ CO ws in the herd, 
used before and after every milking. Preferably the ^^ en ^ ^^^rier fn addition, teat dips for use 
The teat -'P-c-P*^ ug.m. lysozyme. and a m„ d 

according to the .nvention may include aooui buffered medium of approximately pH 8.0 and 

whites - u- ~™ ,,<aH tn pffectivelv treat infected animals who have 

intramammary infusion of lysostaph.n can be used to . effec* ely ^ e a single 

developed either chronic or acute staphy ococcal ov,ne m ^^j^n and cure staphyl0C0C ca, 

d0 se of from 2 to 400 mg lysostaph.n per m . k fae mdicated where the infec tion ,s 

mastitis in most instances. 

persistent. Doses sign.f.cantly higher than 400 mg are not d j|k producti0 n. These 

o potentially adverse side effects ^ d '^ frwMnt "^'^ J^V'to a single gland may be appropriate 
effects are limited to the treated gland, however, sc ™*f e '^ e ** ' ^ 9 administrati0 n could also 
in severe and life-threatening s ^ s ^^ ^e systemic de ve^y. i.e.. intravenous, subcutane- 

more efficacious than lysostaphin -'^fT^T^S? ti^^^^Lat^ ^so«w£in formotatlor. m »y also 

activity of this combination. In addition^ is . ^ a JJ^JX" example, synthetic 
include other agents which potentiate the bacte ™^£££ (e.g.. deoxycho.ate) and other membrane 

30 penicillins and other antibiotics, chelating agents, m \c »"»• (e 9 g of y infection . ln formulations that 
active agents which may facilitate ^f^ll ^Te decrea ed as a result of the potentiated 
include e.g.. penicillin, the dosage o [^Xl ^ T ysostaphin can induce unwanted and 
EST £Z iJSTLK^& -gnificL not only for efficacy but also for 

35 avoidance of potential side effects. 



Examples 1-4 
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45 Protocol for Viable Cell Assays 

1 Bacteria, cells (generai-y 10- cel,s/m«) from an overnight plate (incubated at 37* C) were resuspen- 

ded in 2 Tr ; s 0 b ;r:; ^ * - * « n mi,k - bu,,er - 

50 or buffered detergent etc.. containing the lysostaphin compos.tion) were combined. 

Ce " S " ^^^^^^^^^^^t^. serially diluted in Phage buffer as 

6. The cells were resuspended in 1.0 m o r wag K|ebsiella pneumoniae .) or Trypt.case 
appropriate, and 100 ul were plated on GL agar (S. aureus, fc. con. 

Soy agar (S. agalactiae ). . d , t p , ales wer e scored for colony 

7. The plates were incubated overnight at 37 C and control 
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forming units, (hereinafter CFU). to determine percent survival. 



ing 

Composition of Phage buffer: 

50 mM Tns. pH 7.8; 1 mM MgSO.; 4 mM CaCI 2 : lOO^mM NaCI: JSelatin. 1.0 g,l. (Phage buffer herps 
stabilize any 



protoplasts and spheroplasts that did not lyse during treatment). 



10 



Co mposition of GL agar per liter: 

Difco casamino acids. 3.0 g; Difco yeast extract. 3.0 g; NaCI. 5.9 g; Na lactate (80% w.v). 3.3 ml: 25=, 
(v v) glycerol. 4.0 ml; agar, 15 g; pH adjusted to 7.8. 
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Composition of Trypticase Soy agar per liter: 

The results or m vmru « m presented as the percent survivals 

^T^&ClSSS, con,ainino , u 9 , ml . 0, u 9 , m i. 0.O, ug- »d 0.00 
"""HX^Z^t of adding a mild non-ionic surfactant, octyipheno*,. pdlyethox, (.0) ..nanoi. 

^.K.tSi ,c r 9 ,a,ion iSr r p'«j^.:^r.;"r: e ::^r,: 

orders of magnitude greater than that seen when the two agents are added sequentially. 

TABLE IA 
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The Effect of Lysostaphin On The Viability of S. Aureus 


Strain 


Vehicle 


Incubation 
Time 


% Survival 








1.0L 


0.1L 


0.01 L 


CNTRL 


S. aureus Newbould 305 
RN451 


Milk 
Milk 
Buffer 


15 
2h 
15' 
2h 
2h 


2.8 

0.1 
<0.1 
<0.01 
nd 


75.0 
82.0 
22 
41 
2.2 


100 
100 
100 
100 
20 


100 
100 
100 
100 
100 
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TABLE IC 
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The Effect Of Penicillin On The Bactericidal Activity of Lysostaphin Toward S. aureus 



Strain 


Vehicle 


Incubation 
Time 


% Survival 


0.1L 


0.01L 


0.1P 


0.1L + 0.1P 


0.01L + 0.1P 


CNTRL 


S. aureus RN451 


Milk 


30' 


19 


100 


76 


2.8 


45 


100 






2h 


26 


100 


17 


<0.01 


0.4 


100 












(10P) 


(10P) 


(10P) 




RN1753 penicillinase positive 


Milk 


2h 


1.9 


66 


46 


<0.01 


14 


100 










(10P) 


(10P) 


(10P) 




Col methicillin resistant 


Milk 


2h 


1.0 


100 


67 


<0.01 


0.5 
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TABLE ID 



" A Comparison of the Effect of the Combination of Lysostaph.n and Pen 
c on „ 0 nti*i Fffncts on the Survival of Staphylcoccus aureus (Strain RN4 


cillin Versus Their 
51) in milk at 37* C 




combo(2h) 


lspn(2h) 


pen(2h) 


Pen(2h)/lspn(0.5h) 


lspn(2h)/pen(0.5h) 


% survival 


0.0005 


23 


25 


0.3 


10 


Ispn = lyso 


staphin; pen = 


penicillin 
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In addition, assays for lysostaphin. mutanolysin. and lysozyme activities which measure the decrease in 
turbidity at 600 nm of suspensions of live S. aureus . S. agalactiae , and E. coli or Klebsiella pneumoniae , 
respectively, indicated that chelating agents (e.g.. EDTA) potentiate the lytic activity of each of the three 
bacteriolytic enzymes. 

The data indicate that lysostaphin is a rapidly acting, highly effective staphylocide, the bactericidal 
activity of which is potentiated more than 1000 times by penicillin or the mild surfactant. Triton X-100. The 
inclusion of a chelating agent further potentiates the bactericidal activity of lysostaphin. It is also believed 
that synthetic penicillins and cell wall-active antibiotics will potentiate the activity of lysostaphin. Lysostaphin 
is an effective staphylocide in milk, but in buffer the bactericidal activity of lysostaphin is approximately 10 
times that observed in milk. 



Example 5 



According to the general protocol described in Examples 1-4, further in vitro experiments were 
performed to evaluate the bactericidal activity of a lysostaphin composition comprising bacteriolytic 
enzymes, a non-ionic detergent and buffered chelating agent. As shown in Table II a formulation containing 
1°'o Triton X-100. 0.1 ug/ml lysostaphin. 10 ug/ml lysozyme. and 5 mM EDTA in 20 mM Tris. pH 8.0, (AMBI 
Teat Dip-0.1) was extremely effective against a wide range of mastitis-causing pathogens, including S. 
aureus strain Newbouid 305. S. epidermidis . Streptococcus agalactiae strain McDonald and strain C48. and 
clinical isolates of Streptococcus uberis . E. coli, and Klebsiella pneumoniae . 



TABLE II 



In Vitro Efficacy Of AMBI Teat Dip-1 Against Mastitis Pathogens 


Strain 


Viable Count 


% Survival 


Staphylococcus aureus (Newbouid 305) 
Staphylococcus aureus (RN451) 
Staphylococcus epidermidis (PS) 
Streptococcus agalactiae (McDonald) 
Streptococcus agalactiae (C48) 
Streptococcus uberis (PS) 
Escherichia coli (PS) 
Klebsiella pneumoniae (PS) 


7.0 x 10 s 
5.7 x 10 s 
8.3 x 10 s 
3.9 x 10 5 
2.9 x 10* 
6.9 x 10 s 

9.1 x 10 s 
9.6 x 10 s 


<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<1.0 

<1.0 
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Trials on cows were performed which demonstrated the efficacy of lysostaphin teat-dip compositions in 
vivo The tests were performed generally according to Protocol A of the National Mastitis Counc.l. In 
iiTTeral teats were cleaned with a 1% iodine wash solution and dried with a paper towel. Teats were then 
rinsed with alcohol and allowed to air dry. All four teats per cow were next dipped in a 10 cell/ml 
suspension of S. aureus strain Newbouid 305 to cover 1/2 the teat, and allowed to air dry for 30 minutes. 
Two teats <righTfo7e~and left rear) were then dipped in a lysostaphin test teat dip formulation (10 ug/ml 
lysostaphin in 0.85% saline) to cover 2/3 of the teat, and allowed to air dry for 30 minutes; the remaining 
two teats acted as non-treated controls. Each teat was first swabbed with a moist cotton swab and then 
washed with 10 ml of 0.85% sterile saline solution; the wash was collected into a sterile 30 ml tube. A 0.2 
ml sample of the wash, and appropriate dilutions thereof, were plated on blood agar in duplicate and 
incubated at 37* C for 24-48 hours. Colony forming units were determined and percent survival of S. aureus 

calculated relative to controls. 

Ten ug/ml solutions of lysostaphin in 0.85% saline completely disinfected invading S. aureus from cow 



10 



EP 0 359 873 A1 



lysostaphin wash-off. 

5 

Example 7 

f0 ,n accordance with the results from Example 6 and the data obtained .^e^c^e^ 
formulation (AMBI Teat Dip 1.0) comprising i-Oug-m J '^^J 0 /^^^ S . aureus stram 
and 5 mM EDTA in 20 mM Tris but er. p M was e - ,«n»* J ^ _, ry fQf 

Newbould 305. Teats were d.pped m 10« ceil s.ml J. !^|Hi stra fi (1 0 m , , ysos , a ph,n, 10 0 

30 mi. The -ted teats we. then mM Tris buffer! pTaO, ind allied to air dry tor 30 

, 5 ug/ml lysozyme, 1.0% Triton : *- 100 \* ™ d rjnsed Wltn l0 ml sterile 0.85% saline. The swab. 

20 were free from invading S. aureus. preparations containing 2 x 10 7 

Corresponding tests were performed .n which taate were d pped P P ^ 

cel.s,ml Streptococcus agalactiae stra.n McDona f'^^^^X^ of S agrtactlae- 
results o f these tests ar e shown in Table MB. All of the treated teats were _ _y 

TABLE MA 



25 



30 



35 



40 
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In Vivo Efficacy of AMBI Teat Oip-1 . 
Staphylococcus aureus On Cow 


0 Against 
Teats 




CONTROL CFU's 
per ml 


CONTRO 
per 


L CFLTs 
ml 


Cow No. 


LF 


RH 


LH 


RF 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


225 
24,500 
300 
78 
50,500 
44,250 
75 
175 
68 
550 


1,675 
19,500 
15.000 
155 
18.750 
65,500 
43 
1,150 
58 
300 


13 
8 
0 
0 
5 
0 

35 
0 
0 
0 


0 

175 
15 

150 
8 
0 
3 
0 
5 
0 


Average 

Total Qtrs Negative 


12,072 
0/10 


12,213 
0/10 


6 

6/10 


36 
4/10 
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TABLE IIIB 



In Vivo Efficacy of Teat Dip-1 .0 against Streptococcus 


agalactiae (McDonald strain) on Cow Teats 






CONTROL CFU's 


TREATED CFU's 




nor 


ml 


per 


ml 


Cow. No. 


1 c 

Lr 


QU 

nn 


I H 


RF 


1. 


5 


15 


0 


U 


2. 


53 


360 


0 


0 


3. 


115 


48 


0 


0 


4. 


150 


10 


0 


0 


5. 


13.750 


1,200 


0 


0 


6. 


16,250 


725 


0 


0 


7. 


95 


320 


0 


0 


8. 


0 


450 


0 


0 


9. 


1,175 


775 


0 


0 


10. 


150 


300 


0 


0 


Average 


2.574 


420 


0 


0 


Total Qtrs negative: 


1/10 


0/10 


10/10 


10/10 



Example 8 



clear throughout the study. 

TABLE IV 



Efficacy of Intramammary Infusion of Lysostaphin Toward Experimental 
STAPHYLOCOCCAL Mastitis in Guinea Ptg 




Lysostaphin Dose ug/kg 


ZERO 


1.0 


5.0 


25.0 


62.5 


125.0 


Number of animals cleared of infection 


(0/10) 


(1/0) 


0<2) 


(2/2) 


(1/1) 


(7/7) 



,t can be seen from these examp.es that .ysostaphin is effective for ^titis 
and that its effect is greatly enhanced when used in combinat.cn w.th pen.all.n or w.th substances 
mild surfactants and chelating agents. 



Production of Lysostaphin from Bacillus 

Lysostaphin for use according to the claimed invention can be obtained from either natural or 
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, 0 rnmhinant sources Preferably, the lysostaphin is obtained from cultures derived from Bacillus sphaencus 
^rw^^m-d T«OTb.nit Plasmids which direct lysostaphin synthesis as described ,n 
TnZJl ^Ston Serial No. 034.464 filed Apr,. 10. 1987 which is a continuation-m-part of Sena. No. 

This method provides for both high .evels of lysostaphin product.cn 
k t J ! irp« om staohvloccal immunogenic contaminants. Lysostaphin purification ,s facilitated s.nce 

^ ^^."I^^^B^ -ins are also useful as a source o, 

'"^ThTrysostaphm-producing organism is grown under conditions conducive to the producer , of 
lysoltaphin ThToptimum conditions will vary from strain to strain; however, certa.n types of growth med,. 
and fermentation conditions are known to enhance lysostaphin production. 



In the case of the Bacillus 



and fermentation conamonb ^ ~ . infusion 

sphaericus 00/pBCl6-1L transformant. the preferred growth med.um is VY broth (25g Veal Infus.on 
Yeast Extract liter) under well-aerated conditions (see Table V). 

TABLE V 



5g 



20 



25 



30 



35 



40 



Effect of Aeration of Lysostaphin Production 
by the Bacillus Sphaericus 00/pBC 16-lL 
Transformant 







Stirring Speed 




Klett 


100 


200 


200 rpm 


320 rpm 




• rpm 


rpm 


(Fluted) 




250 


21.8 


36.2 


35.9 


30.0 


350 


40.1 


68.9 


45.3 


45.0 


400 


88.5 


62.7 


102.8 


71.4 


450 


n/a 


86.4 


52.3 


135.9 


O/N 


64.4 


31.3 
- 


37.6 


57.5 



Cultures (40 ml) in 300 ml Klett flasks were 
inoculated with 4 ml of overnight primary 
culture. Growth medium: VY broth 
containing 5 ug/ml erythromycin. 
Samples were removed at times throughout 
growth. Supernatants were assayed for 
lysostaphin activity by turbi-dometric 
clearing of dead cell suspensions of S. 
aureus. Results are presented as ug 
lysostaphin per ml. 



B. sph.encos C0-PBC,6.,L —an, 9 ,own on , VY ^ZZTt^ ~Z.TT^. 
.5 nTg lysostaph in per liter of culture medium, which « mo e mar four ««" ne a ^ ,„ me owt K 

^^^flSTK g -,h medium in accordance-; T> 

producing B. sphaericus 00/pBC16-lL transformant. cent rifuaation or ultrafiltration, and solid 

Cells aTi removed from the fermentation broth. ^ *V <*^™™ After 1 hour at 

ammonium sulfate is added to the supernatant to 40-60%, pree "^^^^J^,, step is grea ter 
55 4*C the lysostaphin-containing precipitate is recovered by centnfugation. Recovery 
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15 



20 



25 



30 



fate polyacrylamide gel electrophoresis. 

C^^s^oJ^ 

Ly sostaphin-producing strains of Baci^ s^haencus 
nipues and preferably those descnbed in copending apphcat, ons 85 ^^4.^ qna fragments 5 
siLlans DNA is partially cleaved by the ^^ B ^ M c^rg Bn 

i iSe7itid are then ligated to a linearized ^^^^ X lig P ation mix is then transferred to E 
Lstance marker and the lac Z gene <..e. *ga .^'J^ J™ aphin gene into the p.asmid can be found 
coli (JM10S) by transformation. Success^ in ertions of ^»o»tap 9 ^ ^ a 

STSST^ — " = " ™ ric c,earin9 of 3 suspens,on ° f - 

the JM105 plasmid DNA showed that the DNA sequence ^OjJ ^^ 0(e5l5 by ethidium bromide 
Hpa ..-Hind ... DNA fragment. This fragment was visualised after electrop m ^ 

staining and transferred to a nitrocellulose fi «»' 2"^*'^ fy incubation of the strip in NET 
0.1 m EDTA. 0.02 M Tris. P H 8.0) ^^^ m ^ornTde was removed from the DNA by extraction 
buffer containing 1 M NaCI for 1 hour ^.^^^^ cold 950/0 ethano. to the aqueous phase, 
with n-butano.. DNA. precipitated ^ i ^^^Z^J^ bMi in TE buffer (10 mM Tris. 1 mM 
was collected by centrifugation, washed with 80 1 * et $M as well as b. sphaericus to 
EDTA pH 8.0). Recombinant plasmids capable of transtorming E. — — C1 6 _ 1} as a- cton ing vector, 
express .ysostaphin were constructed using a derivative ^^^^^J^ ( K. Bernhard. H. 
P BC16 is a tetracyCine resistant (Tef) "^^^^ by restriction 

S^an^^ ^ and B_ « (, 

r s T N 4 r ^.f resistant to both tetracyc,ine and 

erythromycin were eetocBdTbn. such ^^ n J^^^ C ^l;^ 9 Taq. fragments p.us the Taq.A 
Restriction analysis revealed that pBC18-1 ""^.^^rmlnant pBCl6-1 was then digested 
fragment of P E194 which contains the er ^^2^25^ he plasmid DNA including most of 
wit'h the restriction endonuclease Pvu.. ^^^£^ 9^ ^ treated with int6Stina ' 
the tetracycline resistance determinant. The Pvu ' ™ £ aostaohin W as treated with the Klenow 

a" ka .ine phosphatase. The 1.5 Kbp A fragment ^^^^ M then mixed and ligated 
fragment of DNA polymerase. The 1.5 Kbp DNA ^tTJts^s by pro top.ast transformation, 
using T4 ligase. and the ligation mixture was trans <*««* t0 Lvdine" and produced lysostaphin as 
Tran'sformants were resistant to erythromycin^ sens , e to ^^'^3 ce's. One such lysostaphin 
indicated by zones of clearing when grown , 0 , agar " n ^ 9 ^ a(3 pl | i[^^ra c16-1L DNA extracted from 
producing clone was picked and des '9 nated ^ t |^^ in an ethidium-bromide cesium 

the B. Subtilis/ P BC16-1L transformant was isolated ^ |ast transformation to various 

chloFTde-dinlity gradient. Plasm.d PBC16-1L DNA was J wQre resjstant t0 erythromyc.n and 

species of Baci.lus. including B. s£h^cus stra^ ' ~- jdes maximurn production of 

produced lylostaphin. The B_ sphaencus 00/pBC1 6-1 L transformant ^) haericus strain 00 was 

"ysostaphin and permit accumulation of intact enzymica Jly ^J^^^f^ Public Health 
o'riginaSy isolated from soil and is main tained in t J ^ ~ ^nt-ned .n the cumir. 

^t^^^^^^r and has been deposited with the 

Type Culture Collection under ATCC Accession No. 67398. 
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• • i ^ctanhin And at least one agent which 
t A composition for killing staphylococci ^^ZTuZ the group consisting of pemcillin. 

?±3£ZSX2££& « - — - — 

killinq effect of lysostaphtn. n i ., n ml to 10 0 ugml penicillin. 

I x-&ttitt^"ar~ amoum 10 po,8n,,aM 

the killing effect of the lysostaphm. „„ ntainina 0 1% , 0 1 o% mild surfactant. 

^»^ r ^ = r,^rr^ - 

9. A composition accordmg to claim 8 contain «9 <\ £9 an(J , sozyme . 

10. A composition according to claim ' ^ lysostaphin is derived from a transformant 

11. A composition according to cla.m 1 ; w ^ e,n the y lyS0S taphin. 

miC roorgan lS m containing a --^am p^asm.d w ^ ^J^J m , roorga nism contains p.asm.d 

12. A composition according to claim n, who 

PBC16-1L. k , _ . mastitis com prising administering to an infected gland by 

effective to eliminate the staphylococcal mastitis teats in a solut ion comprising about 

^r^ZZ^ ~c m aL, 9 «^ «. «~ ~ -T -* 
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